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FOREWORD

The main compoinents in the Food Packet, Long Range Patrol are dried as
complete items rather than as separate ingredients. Thus, they repregent 2
new family of freeze-dried combination foods in the Armed Services ration aystem.
This study was conducted to obtain more knowledge on the effects of moisture
level in this type of food.

The adverse 2ffects of moisture on freeze-dried foods has been recognized
from the beginnings of the Armed Forces program to develcp freeze-dried rations.
Considerable work was done on relating optimum moisture content to the theoreti-
cal monomolecular layer of absorbed water. Some work has been done on storage
studles of products with elevated moistures. However, no work has been done
on components of the Food Facket, Long Range Patrol.

The work was performed under project 1J6-62708-D553, Food Processing
and Preservation Techniques.

The work of Mr. Otto Stark and Mrs. Margaret Robertson, U.S. Army Natick
Laboratories, in planning and conducting the chromatographic analyses for this
study is gratefully acknowledged.
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Abstract

Freeze-dried spaghetti with meat sauce which is used as one of the main
components in the Food Packet, Long Range Patrol, was packed with vacuums ranging
from 0 to 29 inches and moistures ranging from about 1 to about 5.5 percent., The
samples were stored for 24 weeks at 100°F. with withdrawals at 0, 3, 6, 12 and 24
weeks, The products were evaluated by a lU~-member technological panel at each
withdrawal, Oxygen uptake and carbon dioxide production were determined.

Analysis of variance and regression analysis showed that the mois.ure level
had a significant effect on the panel response and oxygen uptake but contributed
cnly a small part of the variance observed. Increased moisture tended to cause

an increase in 002 production.
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INTRODUCTION

Thompson, et al., (1962) state that three major factors determine the type
and extent of deterioration reactions in freeze dried foods: residual moisture,
headspace oxygen and duration of storage. Sharp (1953) stored freeze dried raw
beef with 1.5, 4. 5 and 6.0 percent moisture for 5 months at 59°F. and 09°F. He
states that at 59°F. there was very little difference in the stored products.
Hcwever, at the higher temrerature there were definite non-oxidative changes in
flavor and texture of the 4.5 and 6.0 percent moisture samples. Oleott (1962)
gstates that partial control of the browning reaction which causes deterioration
in freeze dried foods is obtained by low moisture and low temperature storage.
Hanson (1961) points out that the lower the moisture content of a dehydrated
product, the longer ils storage life at high temperatures if oxidation is pre-
vented., However, Salwin (1962) held that the optimum moisture content is not
the lowest moisture but corresponds to a theoretical monomolecular layer of absorb-
ed water which with meats would be near or slightly greater than 2 percent moisture.
Roth, et al. (1965) in investigations of the deteriorations of freeze dried beef,
chicken, carrots, and spinach, reported that the specific biochemical and bio-
physical properties of each €ood determine its ability to tolerate some variation
in residual moisture, headspace oxygen and duration of storage at elevated temp~-
eratures.

Experimental Methods

The spaghetti with meet sauce was made in accordance with Interim Purchase
Description IP/DES §-36-6, Food Packet, Long Range Patrol, dated April 20, 1966.
Initial dehydraticn was to less than 2 percent moisture. The vacuum in the
chamber was broken with nitrogen. Freegze~dehydration conditions were 120°F.
platen temperature with radiant heating and a pressure of 400 micronms.

The dehydrated product was adusted to the various moistures desired by cal-
culating the amount of water needed, spraying the water on the product with a
paint sprayer while hand mixing, and holding the product under vacuum (27 inches
or better) for 48 hours to insure moisture equilibration. The product was then
analyzed for moisture and packed 125 grams to a No. 2 1/2 can under various
vacuums. It would have been better to freeze dry the product to the exact mcisture
deeired, but the state-of-the-art is not advanced sufficiently to do this at the
present time. The canned product was stored at 100°F. for six months with with-
dravals at 0,3,6,12 and 24 weeks. Moistures ugsed were 2,3,4 and S percent.

Vacuums used were 30,26,22,12, and 0 inches. These vacuums correspond to 2, 13,31,
68, and 157 ml of oxygen available per 125 grams of product.

Three cans of each vacuum and moisture were evaluated at each withdrawal.
Headspace gae wae analyzed for each can, and the product was analyzed for mecisture.
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Usadspace gas analysis was performed by chromatographic means in aceordance
with the procedure outlined by DBishov and Henick (1966). Prior to analysis the
cans were brought to ambient presgsure with nitrogen and allowed to equilibrate
overnight at ambient temperature. Sample‘size'Was.250_n7500{f, Experience in-
dicates an anticipated error for the method of approximately + 0.25 percent.

Total headspace volume in the filled cans was determined by compresging
125 grams of product in a laboratory press at 5,000 lbs. per square inch for
10 seconds and subtracting the volume of the resulting bar from the total volume
of the cans. This method is not completely accurate, However, since the volume .
of headspace gas was so large in comparison with the absolute volume of the prod-
wet any resulting error was considered insignificant.

. Taste papel evaluation was made by a 10 member technological panel rating
the produet on a 9-point scale for flavor, odor, color and texture where the
hlghest aumber was the most acceptable, The sam@ panel was used. for all evalua-
tions. Prodect was rehydrated with water at 180°F, for five minutes bafore
tasting. Product in the cans used for chiomatographic analysis was used for the
panel evaluation. L e o '

Results and Discus$ion

Average panel ratings, oxygen uptake, and actual moisture content of the
produgt are shown in Table I.. Panel ratings are the average of 10 responses
and the oxygen uptake is the average obtained from three cans.

Analysis of variance for the tdste panel results with factors of vacumm,
time and temperature of storage are shown in Table 2. All of the main factors
and the 2-factor interactions were significant at the 1 percent level, However,
the total. degrees of freedom for this analysis was large (999) so that when the
percentage .of variance assignable to each factor was caleulated by the method.
of Hicks (1956),. the moisture was found to have contributed only about 1 percent
Eo the total variance. The interactions with moisture alsc contributed very .
little to the total variance. From this it can be concluded that the moisture
had a gignificant effect on the organoleptic changes in the product, but under
the conditions of this study storage fime and vacuum caused the ma jor part of
the observed chauges. L S '

Analysis of variance for oxygem uptake and carbon dioxide with the factors
of vacuum, time and temperature of storage produced are shown in Table 3. Again,
all of the main factors and 2-fackor interactions were significant at the 1 per-
cent level. The degrees of freedom in this case were 299. With the oXygen upe
take, the moisture comtributed wvery little to the total variance with vacuum,
storage time, and the vacuum X storage tine interaction contributing over 95
percent. With the €O, produced, however, the moisture acecounted for an appreci-
able smount of the total variance.
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Multiple linear regression equations were calculated from the data in Table
1 using oxygen uptake as the dependent variable (Y) and percent moisture, time,
and vacuum as the independent variables (xl, x% and X_ . regpectively). Moisture

was found to be nonsignificant at the 5 percent level“and the resulting 2quation
was

Y= 545+ 2.0 Xz - 2.5 X3

The multiple regression coefficient (RIZ) was 0.8026.

Linear correlation coefficient was calculated for oxygen uptake (X) versus
technological results for flavor (Y). Coefficieni obtained was 0.684 which
while significant at the 17 level is not quite as high as the coefficient de-
termined in another study (Tuomy et al., i970). However, the regression equation
Y+ 5.01 ~ 0.026X is very similar to the one found in that study.

CONCLUSIONS

With freeze=dried spaghetti and meat sauce under the conditions of this
study moisture was shown to have a statistically significant 2ffect on the organ-
oleptic deterioration of the product but its contribution to the total was small
compared to that contributed by storage time and temperature.

There is enough evidence in the literature and from unreported in-house work
to show that moisture does effect freeze-dried foods in general. Its main effect
seems to involve browning reactions with m2at which, particularly with beef, impart
a cooked meat flavor up to a point. Excessive browning results in a bitter flavor
and unsppetizing color. It is believed that ia this study browning reactions did
take place, but that the panel did not find the results particularly objectionable.
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Table 2. Analyeis of variance results and percent of total variance
assignable to factors for oxygen uptake and carbon dioxide

produced.
O2 Uptake co2 Produced
FACTOR I T ‘.__+._- o =l e Tl o o o) o e e o 1 o [ e ST (2
SIG % SIG %
A (H20) XX 0.4 XX 19.1
B (TIME) XX 24,3 XX 38.7
C (VAC) XX 42.3 Xx 6.5
AB XX 0.4 XX 15.8
AC XX 2.0 Xx 4.9
|
BC XX 28.9 XX 5.8
!
REM - 1.7 - 9.2

XX - Significant at the 1 percent level.

DF = 299




Table 3. Analysis of variance results and percent of total variance
assignable to factors for panel ratings.

' [
! , v .
1 || coLor §.—_ODOR PLAVCR | TEXTURE =

: FACTOR i -
=, |s16. | % | sw. | % | ste. R

A (1,0) xx |11 b oxx | ol x [o.7 || xx 2.6 |
} . L L i S

B (TIME) XX !21.9 XX (3.5 || x |36.1 ]| xx 19.0 |

L I i.___ et e . - e b e—— -%

C (VAC) XX 115.2 X (14.8 || xx [17.9 || xx 9.2
; AB x 68 | xx |28 [[xx | 3.5 ixx | 2.8
| |

AC X 48 | oxx |25 Hxx {36 fxx 129
! BC xx m.2 | xx |79 [[xx g3 ix 9.4
REM - 139.6 || ~ [36.5 = |39 | - 54.1 .
| i |
: ‘ : | i {
i XX « Significant at the 1 percent ievcl.
5 DF= 999
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